It is well known that mortality rates among adults with end-stage renal disease (ESRD), particularly those receiving dialysis, are significantly greater than among agematched controls in the general population. Cardiovascular causes and infections remain the most common causes of death in these patients, although recent data have shown a slight decrease in the rates of cardiovascular-related hospitalizations and death [1] .
100 times higher among young adults with ESRD than in the general population. The early onset of cardiovascular complications was subsequently demonstrated by Chavers et al. [3] , who documented high rates of cardiovascular complications in pediatric dialysis patients beginning in childhood.
Additional data have been provided by the Late Effects of Renal Insufficiency in Children Study, a cohort study of 249 Dutch adult patients with onset of ESRD between 0 and 14 years of age [4] . The overall mortality risk of the ESRD patients was 31 times that of age-matched Dutch citizens, and cardiovascular disease accounted for 41% of all mortalities, with cardiac death becoming the most common cause of mortality after 10 years of receiving renal replacement therapy [4] . Given the increase in survival of pediatric patients with ESRD to adulthood [5] , the number of such adults at increased cardiovascular risk is sure to increase in the coming decades.
While the observational studies cited earlier cannot provide explanations for the astonishingly high rates of cardiovascular disease in children and young adults with ESRD, it is also well established that chronic kidney disease (CKD) is associated with numerous traditional and nontraditional cardiovascular risk factors, even in pediatric patients ( table 1 ) . Traditional risk factors that are especially pertinent in pediatric patients with CKD include the following: male gender, as there is a male predominance in pediatric CKD [6] ; black race, as evidenced by the previously cited studies [2, 3] that showed increased rates of cardiovascular disease in black versus non-black children; hypertension, which will be reviewed in detail below; and dyslipidemia, the prevalence of which is only now beginning to be understood among children with mild-to-moderate CKD [7] .
Obesity is also an interesting issue. While many children with CKD experience growth failure, recent data from the Chronic Kidney Disease in Children (CKiD) study show a higher than expected prevalence of overweight [6] . However, whether a significant number of these children exhibit the typical central obesity associated with elevated cardiovascular risk in adults is unknown.
Nontraditional cardiovascular risk factors are also becoming increasingly important in pediatric patients with CKD [8] . Of those listed in table 1 , the one that has received the greatest attention is disordered calciumphosphorus metabolism leading to vascular calcification. Treatment of secondary hyperparathyroidism with calcium-containing phosphate binders and vitamin D analogues can lead to hypercalcemia as well as an elevated calcium-phosphorus product, which in turn can produce extensive soft tissue calcifications, the most alarming of which have been shown to occur in the coronary arteries [9] . Abnormal calcium-phosphorus metabolism was found to be correlated with increased carotid intima media (IMT) thickness and vascular dysfunction in both pre-ESRD and ESRD patients by Mitsnefes et al. [10] . Other nontraditional risk factors, such as inflammation, decreased adiponectin, and impaired glucose tolerance, are also present in pediatric patients with CKD.
It is thought that the combination of these many risk factors, especially over many years of CKD and renal replacement therapy, leads to an acceleration in various pathophysiological processes, in particular atherosclerosis and myocardial hypertrophy. This has been reviewed in detail elsewhere [11] . The task for the clinician is to identify which cardiovascular risk factors are present in an individual patient and institute appropriate changes in management to reduce the patient's overall cardiovascular risk.
Hypertension in Pediatric CKD
Hypertension is perhaps one of the most common of the traditional cardiovascular risk factors seen in young CKD/ESRD patients, and is a risk factor that should be modifiable. Until recently, however, reliable data on the prevalence of hypertension in children with CKD or ESRD were limited. For pediatric CKD, for example, most available information on blood pressure (BP) came [12] . More complete data has been provided by the prospective observational CKiD cohort study [13] , which demonstrated that approximately 54% of children with CKD demonstrate hypertension (defined as measured BP 6 95th percentile and/or history of hypertension with antihypertensive medication use), with many more children demonstrating measured BP 1 90th percentile, the current recommended goal BP for children with CKD [12] . Data on BP levels in pediatric ESRD patients has also come primarily from registry reports. Mitsnefes et al. [14] reported that about 60% of pediatric dialysis patients had uncontrolled hypertension, defined as measured BP 6 95th percentile. Young age, recent dialysis initiation, and hemodialysis (HD) modality were identified as risk factors for having uncontrolled BP. Similar poor control of hypertension in American dialysis patients has been reported by Chavers et al. [15] for HD patients and Halbach et al. [16] for both HD and peritoneal dialysis patients. In the latter study, demographic factors, such as young age and black race, and treatment factors, such as prescription of antihypertensive medications, were also identified as risk factors for poorly controlled hypertension. Both of these studies are notable for their reliance upon registry data; thus, there is limited information available on the technique and/or frequency of BP measurement, or the goals of hypertension management.
Fewer data are available on pediatric transplant recipients; most reports to date come from single-center studies such as that of Sinha et al. [17] , who reported a prevalence of hypertension of over 50% among pediatric renal transplant recipients followed at Great Ormond Street Hospital. In that study, uncontrolled hypertension was more likely, and the number of antihypertensive medications greater, among children with more severe CKD. While this study is notable for the consistency of BP measurement, the study population was small, limiting the conclusions that can be drawn regarding factors affecting BP control.
More recently, Kramer et al. [18] reported data from the ESPN/ERA-EDTA registry on BP control among pediatric ESRD patients in Europe, including patients receiving HD, peritoneal dialysis, and postrenal transplant. They confirmed the poor control of hypertension reported in the earlier studies noted above; specifically, hypertension was present in 69.4% of HD, 68.6% of peritoneal dialysis, and 66.9% of transplant recipients. Among dialysis patients, their data confirm earlier reports that younger age, recent dialysis initiation, and HD modality are risk factors for poor BP control among the dialysis group; the best control of BP was seen among transplant recipients.
Taken together, the above studies clearly demonstrate that hypertension is common among children with CKD/ ESRD, and that in some patients, it may be undertreated or even unrecognized. Thus, it is proper to focus on hypertension as a potentially modifiable risk factor in this patient population.
Cardiovascular Consequences of Hypertension in Pediatric CKD
'Hard' cardiovascular consequences of hypertension such as myocardial infarction, stroke, or death are relatively uncommon during childhood, even among patients with long-standing CKD. In the report by Chavers et al. [3] , the most common cardiovascular 'events' were arrhythmias, valvular disease, and cardiomyopathy; cardiac deaths accounted for just 9% of all reported events. Thus, most pediatric studies have focused on intermediate outcomes of hypertension such as left ventricular hypertrophy (LVH) and atherosclerosis.
One of the first studies to demonstrate that a significant percentage of children and young adults with CKD have LVH and/or other signs of cardiomyopathy was that of Johnstone et al. [19] . They found that patients with CKD had significantly increased left ventricular mass index (LVMI) compared to normal controls, and that creatinine appeared to correlate with LVMI. Even greater increases in LVMI were seen in dialysis patients, and abnormal LVMI persisted even after renal transplantation. However, no correlation was seen between BP and increased LVMI in that study. These findings have been duplicated and extended by Mitsnefes et al. [20] [21] [22] , who in a series of single-center studies demonstrated increased left ventricular mass in pediatric predialysis CKD [20] in patients on dialysis [21] or after renal transplantation [22] . While different associations with several of the cardiovascular risk factors listed in table 1 were noted in these reports, BP was consistently found to be a significant predictor of increased LVMI.
The significance of hypertension in the development of LVH in pediatric CKD is underscored by two other re-cent studies of children with moderate CKD. In a singlecenter study of 49 patients with a mean estimated GFR of 26 ml/min/1.73 m 2 , Sinha et al. [23] demonstrated that higher BP, even if not in the overtly hypertensive range, was strongly associated with the development of LVH. The CKiD investigators reported their findings in 198 children studied by both echocardiography and ambulatory BP monitoring (ABPM) [24] . They showed a higher prevalence of LVH in children with either masked or confirmed ambulatory hypertension, both of which were more closely associated with LVH than office BP readings.
Evidence linking hypertension and the development of atherosclerosis in pediatric CKD/ESRD has been lacking to date. Several studies have demonstrated either overt atherosclerosis by histologic examination of vessels [25] , or indirect evidence in the form of increased vessel IMT [26] ; however, nontraditional risk factors have been more strongly correlated with the vascular abnormalities in these studies than BP. One study of children with CKD, some of whom were predialysis, some on dialysis, and some post-transplant, showed that BP correlated with carotid IMT, but only in the predialysis and dialysis groups ( fig. 1 ) [27] . These investigators also noted strong correlations between serum phosphate and carotid IMT, confirming the strong relationship between nontraditional risk factors and atherosclerosis mentioned previously. Clearly further studies, probably longitudinal in nature, will be needed to better understand the relationship between BP and the development of atherosclerosis in this patient population.
How Can Future Cardiovascular Risk Be Reduced?
Given the many potential cardiovascular risk factors that may be present in a patient with CKD/ESRD, a multifactorial individualized approach to risk reduction will be needed. This may include advice on lifestyle changes, such as smoking cessation and weight loss, and prescription of various medications, including antihypertensives, phosphate binders, and lipid-lowering agents. The interested reader is referred to recent comprehensive reviews for more information [11, 28] .
With respect to hypertension specifically, few data are available on whether sustained control of hypertension can be achieved in pediatric CKD and ESRD patients, or whether such control will have long-term benefits. Ideally, a large cohort of patients such as that enrolled in the CKiD study should be followed over the course of their CKD and progression through dialysis and transplant, with follow-up extended into adulthood. To date, no such study has been conducted. However, interesting single-center data have recently been published by a group at the Karolinska Institute [29] that indicate longterm cardiovascular risk reduction may indeed be possible in patients with childhood-onset CKD. They followed 22 renal transplant recipients over 9 years with sequential carotid ultrasounds and echocardiograms; hypertension treatment was guided by annual ABPM. With this protocol, they were able to achieve a remarkably low prevalence of LVH of just 4.5%, and saw no change in carotid IMT over the study period. While a prospective, multicenter study should ideally be conducted to confirm these findings, it does appear that long-term reduction of cardiovascular risk can be achieved with appropriate patient monitoring and strict control of BP.
In the meantime, how should the problem of poor BP control among pediatric CKD and ESRD patients be addressed by the clinician so that future cardiovascular morbidity and mortality can be reduced? The available literature suggests several approaches: first, BP in this population needs to be carefully and consistently measured so that reliable BP data will be available to guide treatment. Auscultation remains the gold standard method of BP measurement in pediatrics and can be successfully utilized in both clinical and research set- tings [13] . ABPM adds important additional information to office BP measurement, especially in patients with CKD [24, 30] . It is our recommendation that ABPM be performed in all patients with mild-moderate CKD in order to most accurately detect elevated BP, and we recommend that repeat ABPM be utilized to guide therapy. Second, greater efforts should be made to control BP among young CKD and ESRD patients, particularly within the first year of starting renal replacement therapy. It appears from several studies [16, 18] that younger patients with CKD/ESRD have more poorly controlled BP than older patients, perhaps because of the difficulty of measuring BP and recognizing hypertension in young children. Early control of hypertension may be particularly important in reducing future cardiovascular risk.
Finally, attention should be paid to the class of antihypertensive medications used and the BP goals chosen. Patients in the CKiD study who were treated with ACE inhibitors or angiotensin receptor blockers had better control of BP compared to patients who did not receive these classes of agents [13] . As has been reviewed elsewhere [12] , this is likely due to the central role played by the reninangiotensin-aldosterone system in the pathophysiology of hypertension in patients with CKD. Although there is some controversy regarding the proper BP targets for adults with CKD, pediatric studies have shown that lower BP targets are associated with lower rates of development of LVH [23] and slower rates of CKD progression [12] . Given this, lower BP targets, perhaps between the 50th and 75th percentiles for age, should probably be adopted in young CKD/ESRD patients.
